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© Oxide etch process with high selectivity to nitride suitable for use on surfaces of uneven 
topography. 



© A plasma etch process is described for the 
etching of oxide (30) with a high selectivity to nitride, 
including nitride (20) formed on uneven surfaces of a 
substrate (2), e.g., on sidewalls of steps (10, 12) on 
an integrated circuit structure. The addition of one or 
more hydrogen-containing gases, preferably one or 
more hydrofluorocarbon gases, to one or more flu- 
orine-substituted hydrocarbon etch gases and a 
scavenger for fluorine, in a plasma etch process for 
etching oxide in preference to nitride, results in a 
high selectivity to nitride which is preserved regard- 
less of the topography of the nitride portions (22, 26) 
of the substrate surface. In a preferred embodiment, 
one or more oxygen-bearing gases are also added 
to reduce the overall rate of polymer deposition on 
the chamber surfaces and on the surfaces to be 
etched, which can otherwise reduce, the etch rate 
and cause excessive polymer deposition on the 
chamber surfaces. The fluorine scavenger is prefer- 



ably an electrically grounded silicon electrode asso- 
ciated with the plasma. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates to an oxide etch process 
which is highly selective to nitride. More particu- 
larly, this invention relates to an oxide etch process 
with high selectivity to nitride which can be used 
on surfaces of uneven topology. 

2. Description of the Related Art 

A significant challenge in semiconductor fab- 
rication is to etch an oxide such as a silicon oxide, 
in the presence of a nitride, such as a silicon 
nitride, without also etching the nitride, i.e., while 
maintaining a high selectivity to the nitride. An 
example of such could be where an oxide layer to 
be etched is located over a nitride layer. Since 
both oxide and nitride materials generally etch at 
the same rate in a typical fluorocarbon chemistry 
etch plasma commonly used for etching oxide, a 
process of providing additional selectivity must be 
found. 

When a fluorine-substituted hydrocarbon, such 
as C3F8, is used as an etchant, the fluorocarbon 
radicals react in the plasma to form a passivating 
coating of a carbon-fluorine polymer which forms 
over the materials being etched, e.g., by exposed 
oxide and nitride surfaces on a substrate. However, 
this polymer is dissociated by oxide atoms formed 
during the etch of the exposed oxide portions. 
Thus, as the oxide, e.g., silicon oxide, continues to 
etch, the nitride portions etches at a much slower 
rate due to the presence of the passivating coating 
thereon. However, the passivating layer is also at- 
tacked by free fluorine atoms present in the plas- 
ma, and thus the nitride also continues to be 
etched. Thus, a selectivity over about 8:1 of silicon 
nitride to silicon oxide was not achievable with 
such prior art etch processes due to the presence 
of such free fluorine atoms in the plasma. Since for 
state of the art devices having submicron dimen- 
sions, i.e., VSLI and ULSI devices, selectivity of 
over 10.1 and even 30:1 are required, an etch 
process for etching oxide in preference to nitride 
with a selectivity of over 10:1 would be highly 
desirable. 

In our parent application Serial No. 07/941,501, 
the subject matter of which is hereby incorporated 
by reference, we described and claimed the provi- 
sion of a scavenger for fluorine such as a source of 
silicon or carbon. This scavenger for fluorine, when 
used in combination with such fluorine-substituted 
hydrocarbon etch gases, results in the formation of 
a carbon-rich polymer which does not dissociate 
over nitride surfaces, apparently due to either the 
reduced free fluorine content in the plasma, or the 



reduced fluorine content in the polymer, or both. In 
any event, this use of a scavenger for fluorine in 
combination with fluorine-substituted hydrocarbon 
etch gases results in an oxide etch having a selec- 

5 tivity to nitride, i.e., a preference for oxide etching 
over nitride etching, of over 10:1, and up to as high 
as approaching infinity. 

However, more recently an additional problem 
has been discovered where at least the nitride 

70 surfaces of the nitride/oxide structure being etched 
are not flat, as for example, the sidewalls of a slot 
or on raised steps such as, for example, nitride- 
coated polysilicon lines. This type of structure is 
illustrated in Figure 1 wherein raised polysilicon 

75 lines 10 and 12, formed over a substrate 2, are 
coated with a conformal layer 20 of nitride, over 
which is formed an oxide layer 30 and a photores- 
ist mask 40. 

When oxide layer 30 is etched, through mask 

20 opening 42 in photoresist mask 40, down to con- 
formal nitride layer 20, nitride portions 22 on the 
sidewalls of raised polysilicon lines 10 and 12 are 
also at least partially etched, indicating that the 
above-described protective polymer is either not 

25 forming on such generally vertical surfaces (sur- 
faces generally perpendicular to, or at least not 
planar with, the underlying substrate), or the pro- 
tective polymer is being more readily attacked by 
the etchant gases on such nonplanar surfaces than 

30 the corresponding polymer portions formed on 
horizontal surfaces, i.e., surfaces generally planar 
to the underlying substrate, such as nitride portion 
26 between raised lines 1 0 and 1 2. 

It would, therefore, be desirable to provide an 

35 oxide etch process highly selective to nitride which 
is suitable for use on surfaces of uneven topog- 
raphy wherein nitride surfaces which are not planar 
to the underlying substrate, including sidewalls on 
slots or raised portions, will be resistant to etching 

40 by the oxide etch process. 

SUMMARY OF THE INVENTION 

The invention is defined in claims 1, 15 and 23, 
45 respectively. Particular embodiments of the inven- 
tion are set out in the dependent claims. 

We have found that the addition of one or more 
hydrogen-containing gases, preferably one or more 
hydrofluorocarbon gases, to one or more fluorine- 
50 substituted hydrocarbon etch gases and a scaven- 
ger for fluorine, in a plasma etch process for etch- 
ing oxide in preference to nitride, results in a high 
selectivity to nitride which is preserved regardless 
of the topography of the nitride portions of the 
55 substrate surface. In a preferred embodiment, one 
or more oxygen-bearing gases are also added to 
reduce the overall rate of polymer deposition on 
the chamber surfaces and on the surfaces to be 
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etched, which polymer deposition can otherwise, 
respectively, reduce the etch rate, and cause ex- 
cessive polymer deposition on the chamber sur- 
faces. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a fragmentary vertical cross-sec- 
tional view of a typical structure to be etched by 
the process of the invention, having uneven topog- 
raphy with oxide portions to be etched and nitride 
portions which are generally perpendicular to the 
underlying substrate. 

Figure 2 is a cross sectional view of a pre- 
ferred etch apparatus suitable for use with the 
process of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention comprises an improved oxide 
plasma etching process having a high selectivity to 
nitride which is suitable for use with uneven topog- 
raphies and comprises the addition of one or more 
hydrogen-bearing gases and the optional addition 
of one or more oxygen-bearing gases to an etchant 
gas comprising one or more fluorine-substituted 
hydrocarbon gases in contact with a scavenger for 
fluorine. The gases form a polymer on the surfaces 
to be etched, and the portion of this polymer which 
forms over nitride surfaces is apparently not de- 
composed as readily as the polymer formed in the 
etch process described in our parent application 
Serial No. 07/941 ,501 . 

a. Hydrogen-Bearing Gases 

The one or more hydrogen-bearing gases, 
which are added to the one or more fluorine- 
substituted hydrocarbon etchant gases, may com- 
prise hydrogen and/or one or more hydrogen-con- 
taining fluorocarbons. While the use of hydrogen 
(H2) is within the scope of the invention, it is 
preferred that a less flammable source of hydrogen 
be used. In a preferred embodiment the one or 
more hydrogen-bearing gases consist essentially of 
one or more hydrofluorocarbon gases having the 
formula CH X F4_ X , where x is 1-3. Most preferably 
the hydrogen-bearing gas consists essentially of 
monofiuoromethane (CH3F). 

The amount of hydrogen-bearing gas or gases 
added to the one or more fluorine-substituted hy- 
drocarbon etchant gases may ranges from as little 
as 1 volume percent (vol. %) to as high as 100 vol. 
% of the one or more fluorine-substituted hydrocar- 
bon etchant gases. Preferably, the amount of hy- 
drogen-bearing gas added to the fluorine-substi- 
tuted hydrocarbon etchant gases will range from 
about 5 vol. % to about 30 vol. % of the fluorine- 



substituted hydrocarbon etchant gases. 

b. Oxygen-Bearing Gases 

5 The one or more oxygen-bearing gases, which 

are optionally further added to the gaseous mixture 
to control the polymer formation during the etching 
process, may comprise solely oxygen (in the form 
of O2, O3, and mixtures of same) or an oxygen- 

10 bearing gas such as CO, CO2, or an oxide of 
nitrogen (N x O y , where x is 1 to 2 and y is 1 to 2), 
or mixtures of same with one another and/or with 
oxygen and/or ozone. Of such gases CO, C0 2 , and 
mixtures of same are preferred. The amount of 

75 such oxygen-bearing gas or gases may range from 
as little as 1 vol. % to as much as 300 vol. % of 
the one or more fluorine-substituted hydrocarbon 
etchant gases. Preferably, the oxygen-bearing gas 
will range from about 50 vol. % to about 200 vol. % 

20 of the fluorine-substituted hydrocarbon etchant gas- 
es. 

c. Fluorine-Substituted Hydrocarbon Etchant Gases 

25 The one or more fluorine-substituted hydrocar- 

bon etchant gases used in the oxide plasma etch 
process of the invention include CF*, C2FE, C 3 F 8 
gases, as well as mixtures of same, which do not 
contain hydrogen and generate only carbon ions 

30 and fluorine ions. The amount of such fluorine- 
substituted hydrocarbon etchant gas or gases 
which are flowed into an etch chamber of, for 
example, about 8-10 liters in volume, may range 
from' about 1 standard cubic centimeters per 

35 minute (seem) to about 100 seem, and preferable 
from about 10 seem to about 40 seem. It will, 
however, be understood by those skilled in the art 
that such flow rates are relative to the etch cham- 
ber volume and should be adjusted upwardly or 

40 downwardly, as the case may be, for larger or 
smaller etch chambers. 

d. Etch Process Temperature and Pressure Param- 
eters 

45 

The temperature of the substrate being etched 
will be maintained within a range of from about 
10 *C to about 110° C, and preferably will be main- 
tained at from about 80 ° C to about 1 00 • C. Tem- 

50 peratures below about 10' C are considered too 
low for practical operation of the etch process 
(since the substrate tends to heat up during the 
etch process), while temperatures in excess of 
1 1 0 • C may damage other components present on 

55 the substrate, such as, for example, the photoresist 
mask. 

The pressure in the etch chamber during the 
plasma etch process will range from about 0.013 
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Pa to about 13.3 Pa (0.1 milliTorr to about 100 
milliTorr), and preferable from about 0.133 Pa to 
about 5.32 Pa (1 milliTorr to about 40 milliTorr). 

e. Fluorine Scavenger 

With respect to the need for the addition of a 
fluorine scavenger to the process of the invention, 
although the exact mechanism for the present pro- 
cess is not completely understood, and there is no 
intent to be bound by any particular theories of 
operation, generally when a fluorocarbon etch gas, 
such as CF*, C 2 F S , C 3 F 8 , and the like, that con- 
tains both carbon and fluorine, is exposed to a 
plasma, various fragments are generated in the 
plasma, including free fluorine atoms, CF, CF2, and 
CF 3 radicals and the like. The fluorine is available 
to etch silicon oxides on a substrate. However, 
during the course of the etch process, a polymer of 
carbon and fluorine is also formed, that deposits 
onto the substrate, i.e., over both oxide and nitride 
surfaces thereon, forming a passivating layer. The 
polymer may contain about 30% by weight of 
carbon and about 60% by weight of fluorine. Such 
polymers are attacked by oxygen atoms, and thus 
the oxygen atoms from the oxide layer will dissoci- 
ate the polymer as it is formed, without interfering 
with the etch of the oxide. However, when no 
oxygen is present, such as when a non-oxygen- 
containing layer is reached, i.e., a nitride layer, the 
silicon oxide will continue to etch, but the pas- 
sivated nitride layer will etch at a slower rate. 

However, the passivating polymer may also be 
dissociated by fluorine, and the continual formation 
of fluorine ions and radicals in the plasma will 
bombard and other wise attack the polymer layer 
as well, causing the polymer to dissociate, where- 
upon the nitride layer will be etched as well by the 
plasma. Thus, the maximum selectivity of an oxide 
over nitride achieved prior to the process described 
in our parent application (Serial No. 07/941,501) 
was about 8:1 . 

However, we found that reducing the fluorine 
content of the passivating polymer, and reducing 
the amount of free fluorine in the plasma, reduces 
the dissociation of the passivating polymer. Thus, if 
a scavenger for fluorine, such as a source of silicon 
atoms or carbon atoms, is contacted with the plas- 
ma, silicon atoms or carbon atoms can combine 
with fluorine atoms, for example, to form StF x , thus 
reducing the number of free fluorine ions in the 
plasma. The polymer deposited onto the nitride 
layer thus may have less fluorine atoms or more 
carbon atoms and a "carbon-rich" polymer may 
result. A carboh-rich polymer is defined for the 
present purposes as a polymer that contains less 
than about 40% by weight of fluorine and over 
about 50% by weight of carbon and which is inert 



to fluorine-containing plasma etchants. Thus, when 
a carbon-rich polymer is deposited onto a nitride 
layer, almost no decomposition or reaction of the 
carbon-rich polymer occurs, in turn providing an 
5 almost infinite selectivity for an oxide layer over a 
nitride. 

A source of silicon can be provided in several 
ways; for example, a silicon-containing gas, such 
as, for example: silane (SiH*); a substituted silane, 

70 such as diethyl silane (SiH 2 (C2HO2, SiF«., and the 
like; and tetraethylorthosilicate (hereinafter TEOS) 
can be added to the plasma. The silicon-containing 
gas decomposes to form free silicon which will 
scavenge free fluorine atoms resulting in the forma- 

75 tion of a carbon-rich carbon-fluorine polymer coat- 
ing on the nitride layer which apparently is not 
attacked during the etch process resulting in a very 
high selectivity of the etch process to nitride. 

Another method of forming such a carbon-rich 

20 carbon-fluorine polymer is by providing a source of 
solid elemental carbon or silicon, e.g., a silicon 
mesh or a non porous surface, in the plasma area 
where the carbon or silicon acts as another elec- 
trode. A preferred method of carrying this out is 

25 described in copending Collins et al. U.S. Patent 
Application Serial No. 07/941,507, filed September 
8, 1 992, and assigned to the assignee of this 
invention, the disclosure of which is hereby incor- 
porated by reference. In that application, an RF 

30 powered plasma etch chamber is described con- 
taining a source of free silicon, which can be, for 
example, a third electrode made of silicon or other 
source of free silicon in contact with the plasma, 
such as a silicon liner in the chamber walls. The 

35 third electrode can also be made of graphite as a 
source of carbon atoms that can scavenge fluorine. 
Preferably, the temperature of such an auxiliary 
electrode is maintained within a range of from 
about 200 • C to about 300 • C. Providing a separate 

40 heated silicon source, as well as heated quartz 
sidewalls, in an etch reactor to promote formation 
of the desired carbon-fluorine polymer, is further 
discussed in Rice et al. U. S. Patent Application 
Serial No. (Applied Materials Patent 

45 Docket 603), entitled "PLASMA ETCH APPARA- 
TUS WITH HEATED SCAVENGING SURFACES", 
mailed to the USPTO on October 15, 1993, and 
assigned to the assigned of this invention, and the 
disclosure of which is hereby incorporated by refer- 

50 ence into this application. 

f. Etch Plasma Parameters 

The plasma generated during the oxide plasma 
55 etch process of the invention generally may com- 
prise any plasma capable of being conventionally 
produced in a plasma chamber, or an adjacent 
chamber, for example, by providing a grounded 
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electrode and a second electrode connected to a 
source of RF power. 

In a preferred embodiment, however, the plas- 
ma utilized with the oxide plasma etch process of 
the invention is a high density plasma which may 
be defined as an plasma generated by an elec- 
tromagnetically coupled plasma generator, in con- 
trast to a conventional capacitively coupled plasma 
generator. Various examples of such electromag- 
netically coupled plasma generators are described 
in copending Marks et al. U.S. Patent Application 
Serial No. 07/826,310, assigned to the assignee of 
this invention, and the disclosure of which is here- 
by incorporated by reference. 

As stated in the above mentioned copending 
Marks et al. Serial No. 07/826,310, the term "elec- 
tromagnetically coupled plasma generator" is in- 
tended to define any type of plasma generator 
which uses an electromagnetic field, rather than a 
capacitively coupled generator, to generate a plas- 
ma. Such electromagnetically coupled plasma gen- 
erators can generate a plasma having an ion den- 
sity of greater than about 10 10 ions per cubic 
centimeter which is characterized herein as a "high 
density" plasma, which is the preferred plasma 
density for use in the process of the invention. 

Included within the term "electromagnetically 
coupled plasma generator", for example, is an 
electron cyclotron resonance (ECR) type plasma 
generator such as described in Matsuo et al. U.S. 
Patent 4,401,054; Matsuo et al. U.S. Patent 
4,492,620; and Ghanbari U.S. Patent 4,778,561 
(cross-reference to which three patents is hereby 
made); as well as in an article by Machida et al. 
entitled "Si0 2 Planarization Technology With Bias- 
ing and Electron Cyclotron Resonance Plasma De- 
position for Submicron Interconnections", published 
in the Journal of Vacuum Science Technology B, 
Vol. 4, No. 4, Jul/Aug 1986, at pp. 818-821. 

Also included in the term "electromagnetically 
coupled plasma generator" for example, is an in- 
ductively coupled helical or cylindrical resonator 
such as described in Steinberg et al. U.S. Patent 
4,368,092 or Flamm et al. U.S. Patent 4,918,031, 
cross-reference to both of which patents is hereby 
made. 

Further included in the term "electromagneti- 
cally coupled plasma generator" for example, is a 
helicon diffusion resonator such as the plasma gen- 
erator described in Boswell U.S. Patent 4,810,935, 
cross-reference to which is also made. 

Ogle U.S. Patent 4,948,458, cross-reference to 
which is also hereby made, describes yet a further 
type of electromagnetically coupled plasma gener- 
ator comprising a transformer coupled plasma gen- 
erator. 

The RF source power level of such a high 
density plasma may vary from about 500 watts to 



about 5 kilowatts (kw), depending upon the particu- 
lar type of plasma generator, size of chamber, 
desired etch rate, etc. For example, using an ECR 
type electromagnetically coupled plasma generator 

5 in association with a etch chamber of about 6 liters 
and a desired etch rate of about 5000 Angstroms 
per minute, the power would typically range from 
about 2 to about 3 kW. For an inductive type 
electromagnetically coupled plasma generator used 

10 in association with a 2 liter etch chamber and a 
desired etch rate of about 5000 Angstroms per 
minute, the power would typically range from about 
1 to about 2 kW. When a high density plasma is to 
be generated the power density, i.e., the power 

75 level relative to the volume of the plasma generat- 
ing chamber, should be equivalent to a power level 
of about 1000 Watts in a 4 liter plasma generating 
chamber. RF bias power is typically applied to the 
electrode on which the substrate being etched re- 

20 sides, using the chamber wall as the ground and/or 
using another electrode as ground. Bias power is 
adjusted to yield negative DC bias of several hun- 
dred volts on the substrate being etched. Typical 
bias power is 600-1 400 Watts for a 200 millimeter 

25 diameter substrate to yield 1 00-300 volts DC bias. 

g. Preferred Etch Apparatus 

Figure 2 illustrates an etch apparatus suitable 

30 for use in the practice of the present oxide plasma 
etch process of the invention, wherein a reactor 
system 100 includes a vacuum chamber housing 
110, formed of anodized aluminum or other suit- 
able material, having sidewalls 120 and top and 

35 bottom walls 130 and 140 respectively. The top 
wall 130 has a central opening 150 between a 
lower chamber substrate processing section 160B 
defined between sidewalls 120-120 and an upper 
chamber plasma source section 160A defined by a 

40 dome comprising dome sidewalls 17W and a dome 
topwall 170T. The dome topwail 170T may be 
configured as an inverted single or double walled 
cup which is formed of a dielectric, such as quartz. 
The evacuation of the interior of the chamber 

45 housing 110 (chamber 160) is controlled by a throt- 
tle valve 180 in a vacuum line 190 which is in- 
serted in the bottom wall 140 and connects to a 
vacuum pumping system 210 comprising one or 
more vacuum pumps. 

so Process gases can be supplied to the chamber 

110 by three manifold injection sources, G1, G2, 
and G3 located respectively at the base of the 
source region 160A, at the dome top 170T, and 
peripherally about the substrate 5 to be etched. 

55 The overall gas flow is along path 34 from the 
chamber source region 160A toward the substrate 
5, and along path 36 from the substrate 5 to the 
outlet manifold 330, and along path 37 from the 
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outlet manifold 330 to the vacuum system 210. 

RF energy is supplied to the dome adjacent 
dome sidewall 17W by a source comprising an 
antenna 300 of at least one turn or coil which is 
powered by an RF supply and matching network 
310. The antenna 300 is tuned to resonance, or 
resonated using lumped elements, i.e., for exam- 
ple, capacitors, for efficient inductive coupling with 
the plasma source. A plasma is generated in the 
dome concentrated in the volume defined within 
the coil antenna 300. Active species, including ions, 
electrons, free radicals, and excited neutrals, move 
toward the substrate 5 to be etched by diffusion 
and by bulk flow due to the gas flow generated by 
the gas manifold system G1, G2, and G3. A bias 
energy input arrangement 410, comprising a 
source 420 and a bias matching network 430, cou- 
ples RF energy to the substrate support electrode 
320 for selectively increasing the plasma sheath 
voltage at the substrate, and thus selectively in- 
creasing the ion energy at the substrate. 

In the illustrated embodiment, the chamber 110 
further incorporates a unique, three-electrode ar- 
rangement which provides the fluorine scavenger 
associated with the plasma as described herein. 
The substrate support electrode 320 comprises a 
cathode, the chamber side walls 120 comprises the 
anode, and a third electrode comprises a sacrificial 
electrode 17S located beneath the dome top plate 
170T. This third electrode may be floating, but is 
preferably either grounded or connected to a RF 
power supply 400 and is preferably made of silicon 
or a silicon-containing alloy, or carbon such as 
graphite. Excess fluorine ions then interact with this 
third electrode to form SiF x or CF X , as the case 
may be, thereby reducing the total number of flu- 
orine ions in the plasma. 

The following examples will serve to illustrate 
the various embodiments of the invention. 

Example I 

A 150 millimeter diameter substrate comprising 
a silicon wafer having a photoresist mask and a 
layer of silicon oxide beneath the mask of about 
5000-10,000 Angstroms thick over a silicon nitride 
layer deposited by PECVD, and which, in turn was 
formed over steps on the silicon wafer, forming a 
structure similar to the one shown in Figure 1 , was 
etched in an RF etch chamber as described above 
with respect to Figure 2, and commercially avail- 
able from Applied Materials, Inc. as a Centura™ 
HDP Dielectric Etch System. A grounded third 
electrode made of silicon, and maintained in the 
etch chamber at a temperature of about 260 "C, 
was used as the' source of silicon comprising the 
fluorine scavenger. 20 seem of C3F8 was flowed 
into the chamber as the fluorine-substituted hy- 



drocarbon etching gas, together with 3 seem of 
CH 3 F as the hydrogen-bearing gas. The pressure 
in the etch chamber was . maintained at about 0.4 
Pa (3 milliTorr) during the etch and the temperature 

5 of the substrate was maintained at about 100°C. 
The plasma generator power level was maintained 
at about 2000 watts. A bias voltage of minus 200 
volts D.C. was maintained on the substrate during 
the etch by adjusting the RF bias power to 650 

70 watts. The etch was carried out through the open- 
ing in the mask for about 2 minutes, thereby ex- 
posing the nitride layer beneath the etched opening 
in the oxide layer through the resist mask. 

The respective oxide and nitride layers, includ- 

15 ing the portions of the nitride layer on the sidewalls 
of the steps, were examined by SEM and the ratio 
of etched oxide to etched nitride, i.e., the selectivity 
of the etch process of the invention to nitride on 
the flat regions was found to be about while 

20 the nitride to oxide selectivity on the sidewalls of 
the steps was found to be about 15:1. 

Example II 

25 To illustrate the process of Example I with the 

addition of an oxygen-bearing gas to the etch pro- 
cess of the invention, the procedure of Example I 
was repeated on a similarly coated substrate, ex- 
cept that 30 seem of CO gas was also flowed into 

30 the chamber with the C2F6 fluorine-substituted hy- 
drocarbon etch gas and the CH3F hydrogen-bear- 
ing gas. The etch was again carried out for about 2 
minutes. The respective layers were again exam- 
ined by SEM, as in Example I, and the ratio of 

35 etched oxide to etched nitride, i.e., the selectivity of 
the etch process of the invention to nitride was 
again found to be about °°:1 in the flat regions and 
over 12:1 on the nitride sidewalls. Substrates pro- 
cessed in accordance with Example II were further 

40 examined by SEM for any evidence of etch resi- 
dues or polymer deposits on the substrates and no 
such materials were found, even after the process- 
ing of over 200 substrates in the etch chamber. 
Thus, the process of the invention provides for 

45 the plasma etching of an oxide layer, in the pres- 
ence of nitride, with a high selectivity to nitride 
which is independent of the position of the nitride 
layer with respect to the plane of the underlying 
substrate, by the addition of a hydrogen-bearing 

so gas to a fluorine-substituted hydrocarbon etching 
gas used in connection with a fluorine scavenger. 
Furthermore, the etch rate may be increased, and 
the chamber wall deposits decreased, by the addi- 
tion of an oxygen-bearing gas to the gas mixture 

55 during the etch process. 
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Claims 

1. A process for plasma etching oxide in the 
presence of nitride capable of exhibiting high 
selectivity to nitride, including nitride on un- 
even surfaces, which comprises contacting 
said oxide with a mixture of gases comprising: 

a) one or more fluorine-substituted hydro- 
carbon etching gases; and 

b) one or more hydrogen-bearing gases; in 
the presence of a fluorine scavenger. 

2. The process of claim 1 , 

wherein the total amount of said one or more 
hydrogen-bearing gases ranges from about 1 
vol.% to about 100 vol.% of said one or more 
fluorine-substituted hydrocarbon etching gases. 

3. The process of claim 1 or 2, 

wherein said one or more fluorine-substituted 
hydrocarbon gases each have a formula 
C x F (2x+2) , where x is 1-3. 

4. The process of claim 1 or 2, 

wherein said one or more hydrogen-bearing 
gases is selected from the group consisting of 
hydrogen, one or more hydrofluorocarbons 
having the formula C X H Y F 2 , and mixtures of two 
or more of same, where x is 1-3, y is from 1 to 
2x + 1, and z is 2x + 2-y. 

5. The process of claim 1 or 2, 

wherein said one or more hydrogen-bearing 
gases is selected from the group consisting of 
monofluoromethane (CH3F), difluoromethane 
(CH2F2), trifluoromethane (CHF 3 ), and mixtures 
of two or more of same. 

6. The process of claim 1 or 2, 

wherein said one or more hydrogen-bearing 
gases consists essentially of mon- 
ofluoromethane (CH3F). 

7. The process of claim 2, 

wherein said mixture of gases further com- 
prises one or more oxygen-bearing gases in 
an amount ranging from about 1 vol.% to 
about 300 vol.% of said one or more fluorine- 
substituted hydrocarbon etching gases. 

8. The process of claim 7, 

wherein said one or more oxygen-bearing gas- 
es are selected from the group consisting of 
oxygen (0 2 ), ozone (0 3 ), carbon monoxide 
(CO), carbon dioxide (CO2) an oxide of nitro- 
gen (N x O y , where x is 1-2 and y is 1 to 2), and 
mixtures of two or more of same. 



9. The process of claim 7, 

wherein said one or more oxygen-bearing gas- 
es are selected from the group consisting of 
carbon monoxide, carbon dioxide, and mix- 
5 tures of same. 

10. The process of claim 2, 

wherein said fluorine scavenger is selected 
from the group consisting of silicon and car- 
70 bon. 

11. The process of claim 10, 

wherein said fluorine scavenger is a silicon 
surface spaced from said oxide and nitride. 

75 

12. The process of claim 11, 

wherein said silicon surface fluorine scavenger 
is electrically associated with said plasma. 

20 13. The process of claim 1 1 , 

wherein said silicon surface fluorine scavenger 
is grounded. 

14. The process of claim 11, 

25 wherein said silicon surface fluorine scavenger 

is maintained at a temperature within a range 
of from about 200 • C to about 280 * C. 

15. An oxide plasma etch process capable of ex- 
30 hibiting high selectivity to nitride, including 

nitride sidewalls in an integrated circuit struc- 
ture on a substrate, which comprises; 

a) loading into an etch chamber a substrate 
containing an oxide layer and a nitride layer; 
35 b) flowing into said etch chamber: 

i) one or more fluorine-substituted hy- 
drocarbon etching gases having the for- 
mula Cv F(2x+2>, where x is 1-3; 

ii) one or more hydrogen-bearing gases 
40 consisting essentially of hydrofluorocar- 
bons having the formula C X H V F Z , where x 
is 1-3, y is from 1 to 2x + 1, and z is 
2x + 2-y; and 

iii) optionally one or more oxygen-bear- 
45 ing gases; 

c) igniting a plasma in said chamber; and 

d) contacting a fluorine scavenger with said 
plasma; whereby said oxide layer will be 
etched while maintaining a high selectivity 

50 to nitride. 

16. The process of claim 15, 

wherein the total amount of said one or more 
hydrogen-bearing gases flowing into said 
55 chamber ranges from about 1 vol.% to about 

100 vol.% of said one or more fluorine-substi- 
tuted hydrocarbon etching gases. 
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17. The process of claim 15, 

wherein the total amount of said one or more 
hydrogen-bearing gases flowing into said 
chamber ranges from about 5 vol.% to about 
30 vol.% of said one or more fluorine-substi- 5 
tuted hydrocarbon etching gases. 

18. The process of claim 15, 

wherein the total amount of said one or more 
oxygen-bearing gases flowing into said cham- 10 
ber ranges from about 0 vol.% to about 300 
vol.% of said one or more fluorine-substituted 
hydrocarbon etching gases. 

19. The process of claim 15, 75 
wherein said fluorine scavenger in contact with 

said plasma comprises silicon. 



20. The process of claim 15, 

wherein said fluorine scavenger comprises sol- 20 
id silicon in contact with said plasma. 



21. The process of claim 20, 

wherein said solid silicon fluorine scavenger is 
electrically grounded. 25 



22. The process of claim 19, 

wherein said fluorine scavenger comprises a 
silicon-containing gas in contact with said plas- 
ma. 30 



. A process for plasma etching oxide in the 
presence of nitride capable of exhibiting high 
selectivity to nitride, including nitride on un- 
even surfaces, which comprises contacting 
said oxide with a mixture of gases comprising: 

a) one or more fluorine-substituted hydro- 
carbon etching gases; 

b) one or more hydrogen-bearing gases; 
and 

c) optionally, one or more oxygen-bearing 
gases; 

in the presence of a fluorine scavenger com- 
prising an electrically grounded silicon elec- 
trode. 
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(54) Oxide etch process with high selectivity to nitride suitable for use on surfaces of uneven 
topography 



(57) A plasma etch process is described for the 
etching of oxide (30) with a high selectivity to nitride, 
including nitride (20) formed on uneven surfaces of a 
substrate (2), e.g., on sidewalls of steps (10, 12) on an 
integrated circuit structure. The addition of one or more 
hydrogen-containing gases, preferably one or more 
hydrofluorocarbon gases, to one or more fluorine-sub- 
stituted hydrocarbon etch gases and a scavenger for flu- 
orine, in a plasma etch process for etching oxide in 
preference to nitride, results in a high selectivity to 



nitride which is preserved regardless of the topography 
of the nitride portions (22, 26) of the substrate surface. 
In a preferred embodiment, one or more oxygen-bear- 
ing gases are also added to reduce the overall rate of 
polymer deposition on the chamber surfaces and on the 
surfaces to be etched, which can otherwise reduce the 
etch rate and cause excessive polymer deposition on 
the chamber surfaces. The fluorine scavenger is prefer- 
ably an electrically grounded silicon electrode associ- 
ated with the plasma. 
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As indicated in US-A-4 807 016, col. 2, lines 17 to 23, and in J. of Vacuum Science and 
Technol., vol. 3, n° 6, page 2627, right-hand col.,second paragraph, lines 1-2, some 
"fluorine-substituted hydrocarbons" (e.g. C2F4), "oxygen-bearing gases" (e.g. H20, CO, NO) 
or "hydrogen-bearing gases" (e.g. SiH4, H20) are also considered as "fluorine scavengers". 
Consequently the meaning of these terms is not precisely limited in the relevant art and there 
exists a large overlapping in the definition of said terms. It follows that the scope of 
independent claims 1,15 and 23 cannot be precisely determined, contrary to Art. 84 EPC. 

According to Rule 45 EPC, the search has been carried out, for claims 1 to 23, in close 
connection with the description, while considering that : 

- "fluorine-substituted hydrocarbon" is one or more of CF4, C2F6, C3F8; 

- "oxygen-bearing gas" is one or more of Ox, NOx, COx; 

- "hydrogen-bearing gas" is one or more of H2, CHxFy; 

- "fluorine scavenger" is unsubstituted or substituted silane, SiF4, TEOS, solid silicon or 
carbon. 
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